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K 8843 

CGKDCCUmT HEftMfcG A SUFTOSKAKEKH OIL SHAIB 'JO 
CmSCE PERMEABILITY AND SJBSfCU»TCLV ITOKCT OIL 

ThHs invention related to recovering oil. from a soixbstranean 
oil abala by iwmjw of a octtdaotivu haot drive pronaus. More 
particularly , the invention relates to treating a relatively thicks 
and substantially ccoplatttly inpesroeable subtotrrancao oil rival* by 
ncans of 9. cxvtfuctivo boating ptovamm which both creates a 
pemtoabla tone within a selected portion of the nil tf\sOe and 
subasqpiently produouB shale oil hydrocarbon©. 

A pTOawtoilifcy-Aidsd type of conductive heat drive Bar 
producing oil frcm a subterranean oil abate wan invented in Sweden 
by F.LjungctroEJD. 2hat poocess, which wra invented about 40 years 
ago, was carmorcially uaed on a stbII scale in the 1950s. It is 
dsasribad in Swedish Patent* Ne*« 121,737* 123*136; 123,137; 
123,138; 125,712 and 126*674, in United States Patent &b. 
2/732,195, and in journal articles such ass ''Ondergrcmd Shale Oil 
Fyxolyais according to the Ljuogstroom Hatted", I>» Volume 24 
(1953) No, 3/ pagas 116 to 123, and "Met Jtosrgy Recoveries For Ttm 
In Situ Dielectric Heating of Oil Stale", Oil Shale Symposium 
Prooacdinga 11, paqe 311 to 330 U978), Id the Sttdish process, 
Ivaat infection walla and fluid producjjag wells were completed 
within a permeable neax^nrfaOQ oil trials formation so that thero 
was loss than a thxee-aetre reparation betsrean the boreholes* U\e 
heat injection wells ware equipped with elecfarical or otter heating 
olcraoutft idiich were snxxoundad by a rcass of material, such as and 
or cement, a rra nged to transmit heat into tba oil shale while 
preventing any inflowing or outflowing of fluid. In tba oil shale 
for which tJ» Swedish p i um t m was designed tested, tho 
psrraeabiility w*b such that, due to a cra nting o ue inf letting of ground 
water, a continuous panping-oat of water was needed to avoid 
wasting energy by evaporating that water. 

With xeopsct to ^iaobantially ccopletoly iapmrnft/thW, 
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relatively deep and relatively thicfc oil shale deposit?, such a» 
those Vn tttc Piceance Jiaaln in the United states, tin pnsfdMllty 
oL utilizing a ccuirtuutive heating proo«»* fear pxodDOinq oil kas 
previously eonsicterecl to be — according to prior teachings and 
beliefs — errmccnically uafeafrihle. For eftnple* in tta 
ahewe-idantified Oil Shales Syuposiwu the Ljisi?atro«m proooaa is 
characterised as o proaas* vhlcfr ^^auccessiuliy rsoovwred shaLe 
oil by firtfeedding tubular eliactrLaal heating elrnttnts within 
togh-<frade shale deposits. This nebbed relied on ordinary thsrssd 
diffusion for shgCte boating , which, of course, reqaixes lar^u 
tenperatiiro gradients. Virus , heating «ms wary nuD-ui^farrej_ months 
ware required to fully retort- snail mowsjze blooke of shale. 
Also r /tuoh beat energy was wasted in undarhenting the chair? xegirm 
beyond the periphery of the xetnutJitg sons and cAwrhaaidng the 
sdialQ closest to the beat ronrae. The. latter problasn is especially 
iicportant iu the case of Tfestern shales, singe thermal enarqy i*i 
cwerhuartod zone*, cannot be fully recovered by diffu-rijan duo to 
cudothortftio react i ons which take place above akwt 600 0 C, tt (page 
313). 

in substantially impermeable types of relatively thick 
siibtierxanean oil shale fornatioos/ the creating; and aeJitbaining of 
a pexrocabifi usae ttiroogh which the pyrolyais products can be flowed 
ban been found to be a severe pcublsm. In uft Patent Rb* 3 ,465,376 f 
it ie stated (in oolfc. 1 and 2) that "There are two joochflrtlsng 
involved in the transport of heat ttvough the oil shale. Heat is 
transferred through the solid mass of oil shale by conduction, W*s 
boat is alas transferred by convection tJtrough the solid traeta of 
oil shale. 5te transfer of heat by conduction ie a relatively alow 
process. The average eternal ixindactlvity and average tbercoal 
diffosivity of oil shale are about those of a firebrick. The matrix 
of aoljd oil shale has an extrenBly low parnabllity nuch lite 
uwjLtKed porcelaj.ru As a result, the ccovcctivta transfer of heat ie 
Hunted to heating by fluid flows obtained in open channels which 
traverse the nil shale. 'Ibes© flow channels nay be natural and 
artificially induced fractures. On heating, a layer of 
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pyrolyzed oil Shale builds adjacent tha channel. 73 da layer is on 
ii^otrganic mineral matrix which contain* varying degrees of carton, 
the layer lis an evcr-expaodino barrier to heat flew from tha 
heating fluid in the channel." Ike patent Is diiactad to & proaeen 
for circulating heated oil fchoia-<pyEolyzing fluid through a flow 
channaJ «*dle Adding abrasive particle* to the circulating *luid to 
erode the layer of Hyxtjlyzed oil shale being fonred adjacent to tho 
chanr&l. 

Although tha thermal conductivity and thoorol dlffesiv.lty of 
mmy eubtertana&n oil shales are, in fact, relatively ataUax to 
those of unglased porcelain and firrhrirfc, TO Patent N9 1,237,689 
postulates that "a rapid adVanoa of a hoat front" (Col. 3, luxe 7) 
can he obtained by exchanging haat between the oil shale and. a 
nuclear reactor cooling fluitf and describes systems, for wring such 
reactora either located on the earth's aurfaca or 1a tha oil ehalA 
deposit. 

US Patont No, 3,2*4,281 eay» (at Col. 1, lifted 3-21), 
production of oil from oil shale, by baating tha shale by various 
mesne such as ... an electrical raaxatance heater . . . has bean 
atteftptad with little uoccmm< , « . Fracturing <yt tha sbala oil 
prior to the application of beat thereto by in eitq oatfaue titan ox 
other means b&s bean practised with little success because the 
shale ewells upon heating vrith consequent partial, or ocnplete 
closure of the fracture. 11 . The patent describes a pcoceas of 
sequentially beating (and thus swelling) the oil shale, then 
injecting fluid to hydraulically fracture tha swollen sbala* then 
repeating those etepe until a bsat-«table fracture has bean 
propagated into a production *»11„ 

US Patent Kb* 3,455,383 rffts^rrh** the acxrcmilatlCD of 
par ti a lly depleted oil ehale ficanjaeots within a now channel such 
as a harirrintal fracture being held open, by tha pEeaanre of the 
fluid within the channel. ttu» patent discloses that if tha channel 
roof is liltod to maintain a flow path above such a layer of 
capJafcad shal&, the overlying fonwitinna most ba bent and, without 
precautions, will band to an extent causing fractures to extend up 
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to the surface of the earth, Ttio patent Id directed to a proofs of. 
ioterndtteni Jy xoduoin? the pressure an the flirirt %rithin such ae 
fracture to olio* the wight of tne overburden bo cmsh and compact 
the layer of depleted shale. 
5 In a significant portion of si&etantialJy Impueaaabla aivS 

relatively thicfc oil ahalft Aeposite, won aa those in tha Picaance 
Basin, a valuable resouroa of alratiniin Is present in the £am ox 
dBttsaaLta. In 05 Patent No. J ,389,975, directed to rccovorfny 
aiujniniam valued frtan retorted oil shale* irfrJoh hafre baan rained cut 

10 from each deposits, it ie painted out that, in a substantial 

aboonce of water, at t afly a zab jres of about 1300 *P the ctawfconite is 
converted to crystalline sodium aluwirato. Such a wate3>£ree 
xutorting can <3auLHipoea dolanlte in the shale* to ptcxluca carbon 
dioxide, calcitn, and nwgnesium oxide so that nagncsiutt oxide 

] 5 conhinaa with part of the nil icon dioxide in tfas shale, in a flnnnar 
permitting a higher recovery of the aluminium values by a loaohinp 
process. US Potent No. 3,502,372, directed to utilizing eolation 
mining; to recover dai#Bonite, indioatea ttat where the pyrolynJts is 
effected by an aqueous flnid, such an eteant or the products of 

2Q underground coafcusticm, it mast te conducted at a low teaperature 
and tliws relatively alowly, to avoid converting the dswaonita and 
other soluble altirMrrine. confounds to an insoluble material such aa 
analcite. In PS patent H3. 3,572,833, a similar relatively low 
tecqperature pyrolysiB is alternated witto infections of an aqueous 

25 alkaline fluid containing an acid-lnsolijfcla chelating agent to aid 
in leaching dsareonite without foxing such insoluble materials. 

Che present invention relates to a ptocBsa for condBCtively 
Iteating a mfli l w i ta i i ean oil ehale fornvtion in a xttnner arranged for 
pxoducing oil from a mbUm nean oil shale fooatioB which is, 

.■JO initially, substantially inrjvnosablo. m accnrtlaiCT with this 
jjwenticn, the poet ion of oil sbale deposit to be treated is 
selected, on the basis of fcha variations with depth in the 
cfstpocition an properties of its oonponsnfce, to have peopertiee 
capable of interacting in a nonnor which enhance* ths milfnnnity of 

35 the heat front* to on extent Hunting the tine and energy 
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oxpeaditure* producing tha oil to values equivalent to 1**5 than 

the value of the oil which 1* produoed. The selection of the 

treatment interval it based on the grade and thickness of the 

portion of oil chale deposit to be treated and toe enhancement it 

provide* amounts to re duo log the amount ot beat energy loot due to 

exothermic aide reaction* and increasing the amount of oil 

recovered from a given grade of oil shale* 

in accordance with this invention at least two valla axe 

completed Into a aubtsrranean oil abate treatnaat interval which 

is substantially inpermeable, contains substantially no uoblle 

water, is at least about 30 m thick, la capable of confiding fluid 

at prooees pressure, at leant substantially within the treatment 

interval, and contains a grade and thickness of oil ebale such 

that the average grade in gallons of oil plus gas equivalent par 

ton by Fiaoher Airaay la at leaat about 10 and the product of the 

grade titaea the thiofcneea in metre* of the oil ahal« la at least 

about 900. 

Thus, the present invention provides lo a process in 
which oil Is produced fron a subterranean oil shale deposit by 
extending at least on* each of heat-injecting and fluid-producing 
veils into the deposit, establishing a heat-conductive fluid' 
impermeable barrier between the interior of each heat- inject lag 
vail and the adjacent deposit, and then heating the Interior of 
each beat-injecting well at a temperature sufficient to 
conductive ly heat oil shale kerogen and cause pyro lysis products 
to to rip fractures within the oil shale deposit through which the 
pyrolyais products are displaced into at least one production 
wall, an improvement for enhancing tha uniformity of tha heat 
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fronts moving through the oil shale deposit, which comprises r 

determining variation* with depth in the composition and 

properties of the oil shale deposit; 

completing Mid heat-in }e<rtlng end iluid-pxoducioe; well a 
selectively into a treataent interval of oil shale in which 
the oil shale deposit (a) is at leaet about 30 m thick, (b) 
ie substantially impermeable and free of mobile water, 
(c) bee a composition and thicknoea such that the product of 
the average Fischer Assay grade times the thickness of the 
treatment interval la at leaet about 900 f end Id) thereby 
contains components capable of interacting in a manner 
enhancing the uniformity of a front; of conductively 
transmitted heat, with aaid wells being arranged so that, 
at leaet substantially through oat said treatment interval, 
the well boreholes are substantially parallel and are 
separated by substantially •quel distances of At leaet 
about 6 m/ and 

within the interior of each heat-in j eating well maintaining 
an average temperature which, selectively along said 
treatment interval, is at least about 6t>Q°C, but la not 
high enough to thermally damage eenjipment within the well* 
while heat la being transmitted, away from the wall at a 
rate not significantly faster than that permitted by the 
thermal conductivities of the earth formations adjacent to 
the heated interval within the well. 

In a location in which a subterranean oil shale may 
contain portions which axe generally suitable for use as a 
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treatment interval (as described above) but are ape to be 

permeated by substantially disconnected natural fractures antl/or 

Planes of vaakness as vail as being located near boundaries of the 

oil recovery pattern and/or near a potentially active aquifer, the 

operation of the present process oan advantageously be combined 

with a use of "guard vails" loo a tad near the periphery of the oil 

recovery pattern and/or between a production well and an aguifer. 

Such guard veils are extended at least substantially throughout 

tbe vertical extent of the treatment intervals and the adjacent 

formations are initially heated by thermal conduction in a Banner 

similar to that enplcyed in tbe heat-injecting veils, except that 

the guard wells are heated at temperatures which are too low to 

gasify significant proportion of the oil shale organic conponents 

but are high enough to oause a significant thermal expansion of 

the rook matrix of the oil shale deposit. 

in sons instances, it nay be desirable to aaintain each 



relatively low tBjrperatnre guard wall hegcfclncj throughout at least a 
substantial portico of tha stale oil reoovery process. In other 
instances, altar an initial relatively lev t mityurahra haating of 
the guaxrt wlls, it Bay ba advmttogecvti to heal guard fceUe urt 

5 about the temper 9 Cure selected for the hsat-iirjecting walls r it) 

order to expand the pattern of Milt from which oiJ is displaced by 
thfrnwal conduction. 

as used herein regarding the grade of the portion of oil shale 
to bfi treated, the "average grade in 9allans per too by Fischer 

10 Assay" refers to the following: Tha c«t*imination is? ox ia 

egoivalont to a domination conducted su b sta nt ially a* described 
in the ASTM Standard Test Method li Crtished row ahale 1b 

eanqpled by riffle-splittlttd.. The aetausdnation of tbo ttMOunt of oil 
plus gas eqoivolGnt available* fron oil shade is node fay heating tho 

15 raw shale from ambient tenperatutc to 50Q *C in cast aiuntinuijB- 

alloy retorts. The vapour* distilled fro* tho sacple am cooled and 
tha condensed fraction la collated, ins oil and vatecr fractions 
are separated, the Mater voIudm (aoaterted to weight equivalent) Is 
measured And anhtrarftfd from the oil pins Motex weight, £ha weicpit 

20 of sncQruteasahLe gases evolved <gas>-plus-loefl) is then calculated 
by difference. The grate, ns used in the "grade times thickness in 
metre* of oU tfiale" product/ is the gallnna of oil plus 
hydrocarbon gas equivalent corresponding to tha total weight of nil 
pirns hydrocarbon gas evolved by the heating. 

J5 The walls are oonplcted into the U e aUu e nt interval and are 

arranged to provide at least one each of heat-injeetin? and fluid- 
producing veils having boreholes which, anbatantiaUy thocoughout 
the treatment Interval, are substantially parallel and ens 
separated by subslantlally equal distances of at least shoot 6 tru 

JO lo each J seat-injecting well, sjfestttttially throughout the U e atm e nt 
iirtcxval, tno well-s uLLum i di ng face of t*» oil dale fbi i mHnn is 
sealed vith a solid notorial and/or oaraent whitfi is relatively heat 
oandostive and substantially fluid ixnpenreahle,, In each fluid- 
producing well, sebstancially throughout tho treatment interval, 

j«) fluid mnffiro nation la esbablished botuoon the well borehole end 
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wZl paLtom fear the oil pffo&cticru Tha resultant pcrujoahle 
znw 1a a zona Iron which snch other minerals can be anlntlon- 
naned* 

In general, the present invention La applicable to 
substantially any subtecttmaon oil ahalj* deposit c ontainin g an 
interval of substantially inpexmaable oil Hhal« which is 
substantially £roo of woMTe Kaeer* is xurc than abnut 30 ta thidtj 
and has an adequate averaga grade in gallons par tm (Fiaefter 
Assay) to give a grado-thlcknAsa product of about 960 or greater. 
The average grate of the heated interval should be greater than 
about 10 gallon* par ton (Fischer Assay} . Within thass lintaationo, 
a higher grade- thiokn&ss product u» increasingly desirable if other 
conditions such a* depth rcoain ths sane. 

3te iuvwitian will new bo explained in greater detail with 
refiererce to the aooaapanying dtfnwiiigs, in vzhichr 

Figrae 1 shows a plot of relative rate of return (KR) for 1982 
US do llar* irweeted in installing end operating the procoas of the 
present imrsntioD, as a fonctieo of oil shale grade-thickoeaa 
(GteEfl product, to produce shale oil art its 1982 valpa, 

Piguie 2 illustrate* a plot of thermal profiles at an 
dbsarvotian well regarding teftgeroturea neasured at rtdL fCei e n fc 
depths (D) and tinsw within that wall. 

Pigure 3 is a plot of the radial thermal profiles at the 
adddle of a heated cone altar different tinea of heating. 

Flgurta 4 is a plot of therml oaaductivitis* parallel and 
perpe ndi c ul ar to the tedding plaoea of an oH shale as a function 
of tenperatur©. 

Figure 5 is a graph of Fischer Assay yield with dspth CD) in 
and abevo a basted portion of subterranean oil shale. 

F igures 6 and 7 are plots of horizontal and vertical 
t»tpacature profiles within a hosted p o r ti on of s\totaerrajvaan oil 
shale formation. 

Figure 8 is a eoheatttio 11 lustration u£ a pnrHnn of a «kJI 
cccplnticn arrangement editable for practising tha present 
invention* 
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Lax aand, Ljimgstzosn teach** that tha in aitu heating and 
pyxolyzittg should ho dona in a portion of tlte iapairtsablo formation 
which is vertically oontiguou3 to q well-X»tu£cucmctinq fracture 
or a layer which hue different geological character and is 
permaable to flew of the fluid product* of tbe besting ur 
pyrolyjus. 

Contrary to the litpiicstdana of such prior teachings eari 
beliefs, aj^aiicants diacowrad that the presently described 
conductive hooting process is oeonanically feasible for ui» in a 
aifcstantially litpeanaable suhtexranaan oil alula. This 1g not 
obvious, pnrticulBTly in view of tha fact that tha present process 
uses a much larger Vfoll ^virri ng than that usod in tha Swedish 
process and tha praaant process is centered by heating tha 
injectf en veils to tanpar^tures of at least about 600 >C laltbocgb 
6C0 *C has bean amid to by conducive to an uocaauUsUty untenable, 
heatHMastlng, en&thezmic reaction; aaa the Oil gh»i*» 9yjcpcejra? 
Proceedings mftntlmvM above) . 

By roarac of laboratory and field test tta aaujL C Uim fcfl 
mathematical models of the present proooaa, applicants have foond 
that whan tha walls are spaced, completed, and operated aa 
pnaaently Ascribed, the only nation in which heat energy is 
utilized in an endotharodc reaction asoaata to laaa than about 1* 
of tha araa to he heated, and tha energy lost In that fashion is 
insignificant, Applicants have aaas&red the rate at which 
substantially tnrxinmhla oil shale fotttttiana are heated by 
conductivity, and have datarwirad tha amount of hoat required for 
pyxolyaing karogan and thermally pressurizing the pyrolysis 
product* to pressures capable of xaarturtng a relatively *-~p oil 
shale fooxoatlca and tteznally displacing pyrolyvia pcodncta through 
tha so-created permeability, 

Tha data obtained by such ntidftuxenenta in the field and in the 
laboratory hove bean employed in calculations nf power regulro- 
menta, eocnonlcs r tim to etart productions project auration* 
amount of production, etc., in mathematical simulations, that 
correlate with the fiold and laboratory data and indicate the 
(naonitadaa of such factors in respect to a full coals pmcaag. 
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Thorn ejaculations indicate tfeat thn presently defined prooe*» i* 
tha only flhala oil. iaxxtaction prooc*» of whtdn cn£>licantR aro cmutb 
which is capable of economically o£jfcaining oil DfCtt a relatively 
lew grojte oil what a fonration, sacfc as con in uhicb tha Fischer 
5 Assay as only 15 gallon* or Ism per ban. 3hae capability can 

increase tha petroleum rewrvoa of a aigrafloant proportico of tha 
oil ©halo land* lay a lector of six. In wWicion, with respect to 
processes for vrvdBQ^round mining and modified in situ rwtnrting cl 
oil shale* tfro preasnt pixxm ei^ifiaantly djv^eaeee the aaovrcb 
tO of available resources by eliadimting the aaad tor support piller* 
and iutorburdan between nrijiing zom* end by providing a vcana for 
treating substantially all of a very thick interval of oil shale. 

The present proaee* can odrantagoouwly be applied to on oil 
Rhalo fonoacxai in which there 1* {significant coraentratim o£ a 

15 mineral such as dOEsroanlta or naboolite. In such a fainstinn the 

process prcwida* a pexncable zone from t&ich sue** a adneral can be 
recovered, in addition P the present ponocs&s is particularly 
adrantBgecos in converting dawsonite to wator-aoloble oonpounde o* 
alumiiiuai (pnfeably rho-alccnina) *hich have been {both ctemicaLLy 

20 and phyelcalLy) made aveHable for SQlutiaD-aining to prcdnoa the 
aliantininni — ad eeeentdal material which is in short eupply vitiiin 
the United States. In contrast to many previously -proponed 
processes, the process of the present invention requires sub- 
stantially no water, involves sdniml land disruption/ and can be 

25 conducted with tniniral etnospherio pollution. 

Figure 1 shows the relative race of return tor 1982 US dollars 
invested in installing end operating the p c&sent proem in field 
applanations that have boon nthasiatically nodalled from data 
obtaisei by field and laboratory onamnxKCDts. 

3f> KTJtfPlE l 

A Mriea oe£ injection and production wile ie drilled into an 
oil shale formation 4B n in thickness with 120 ra of overburdoiL The 
average, oil gr&cte of the interval is 20 gallons per ton as ctetar- 
xtdJKKl by Fischer Assay, 
35 ISte veil pattern in a savan-spot with each heat injector ab 
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tha corner: of a regular hox&pn surrounding a central prcriucdnq- 
vxill* Tha spacing is 22.5 & bstwesn producers and injector a. Iba 
patt&rn rapeats with pto&icortt firing tha injectors in easb 
direction and ccntinnes to tano a Cieldrtdda pattern capable of 
5 producing a large quantity of oil. Tfco injector- tu^u uducar ratio 
approach©* 2 to 1 lb a large fieJd. Tn Ronpla 1 the total oil 
production is 25,000 barrela par day throughout tho lifu of tha 
project. 

The injection weU* electrical haater* ara caraented into Cl» 
JO formation and oonnar*ar1 to a power soarco on tha aortace. Tha 
production veils axe cquippetLwith standard oil field pimps for 
lifting the produced oil to tha surface* Ita electrical injection 
rato is 3*23 x 10* mifr&lX per day. Tfce tertcaratnre of the 
injector* attains 750 °C* she prodactlon wells roach a terminal 
IS tenp^raeuiB of 300 *C after 33*34 yearn of operation. Production 
over thia period averages 5-6 barrala/ckty par wall, with the 
average aiober of active producing wells b&ing fiuin about 4000 to 
5000. Eloat cor&mptiGn ia 1.1 ac 10* BTD/barrel of liquid oil 
prcductiniu 

20 Gaseous prodocts collected from the production wells nay be 

used for rai-eite generation of electricity or otter purposes. The 
oil-phaso pofcrolcirt Which ia m> prodoced is superior to con- 
ventionally retorted shale oil. To* relative rata of return which 
can be expected fxcm tha SXanple 1 situation is illustrated by tha 

?.5 "EX. 1" flitmHcn dssignaticn on Figure 1. 
MWFUS 2 

A aariaa of injection and production Mails are drilled into an 
oxl shale formation 225 m in thickneaa with 300 » of cvencfeuxden* 
Tha average grade of tha oil shale interval is 26 gallons par tea 

:i0 an detenw ited by Fischer assay. 

Tha wbU pattern is the satne sevenrspot daaoribad is fecanple 1 
except tha ncaciog is 13. S a betssaan walls instead of 22.5 n. Total 
production is 25,000 barrels/day txoaqhput the Ufa of the project* 
The injector to producer ratio still approach** 2 to U In tha 

15 wells* the beaters and production equipment am similar to those 
daacrlbBd in Kranpls 1, 
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'Jfce ^cctJfioal infection rate is 10.55 x 10* BSU/wall pw day* 
TVuj in-Jactian well tcagaratuzas lroch 750 V C and tbe production 
veils roach a final tcopcraturG of 300 p c after a pacfoction life 
of 9-10 year*. Prodnction tsimr this poriod overagaa 42-43 
5 harreWdflcy per wull, with tha overage ramfcar of active producing 
walls being abcut 600. Tha heat censuqption 5,6 v 10 J DF^Vbarxel 
of liquid oil proaooodL 

As in £xanple X, gaseous pro&jots cm ba uaad for oo-tflfcu 
power genoacation or other purposes ark) the liquid product vdU bo 
to hi<frir in quality than conventionally xetartod shale oil. Tha 

relative rata of return which can ba «arpacted ie illustrated by tha 
w E&c. 2" situation <Se*»ignabion on Figure 1* 

■Cable 1 llfita ccnblnatiorw of oil, shale gradaa, thicfcneeeaa 
and grade^thickDoeff products -which am generally suitable for ww 
> 5 in the pnaant; proce&S* Tha relative posit tcna of such grade 

thicknafcfr producta with respect to the relative rata* of financial 
retmn are illustrated by the p^gigwetons "Prefamid Ronge'MP.fU 
and "Especially Preferred Etoga 1 ' (B.ff.R.J on figure 1. 

TRHLB 1 

j-fcade (qaHoofl/tao) T hicfcneag to) amae x Ihicteneaa 
30 30 WW 
20 45 900 
10 90 W0 

More daairabla gratia thickness exmpl^ axe sown as folicwai 

Grade fetallaoH/tanl *tttctaoca <tt) Grade x Shtdcneae 
30 ISO 4500 
7S GO 1500 
20 300 6000 
15 fiOQ 9000 
ID 225 2250 

20 lo general* the higher the grade thioknaea product the wore 

de»irubla. The practical application io limited only by the ability 
to haat tha deeired interval. 
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Field Vt»9l Mcaguuaraflnta 

Tost© wane oanduob*d in en ca (cropping ai «n oil shale 
fonnation which is typical oi stfrntancially litpmrnnahlB and 
relatively thidc oil ahaLo dapofiita. Thirteen borobolea were 
grilled to daptba between 6 and 12 n and wrvt Arranged to provide 9 
pattern of beat-injection, abeervation and llwldr^uraduction walla, 
iRdth the bozeholoft being jpaoed About 0.6 a opart in order to 
provide a relatively rapid acquisition of data. Baat wan injected 
at a rate of about 1000 watt* per netr* for five day*. After the 
heat-injection *&U tejrperatnxe bod inched 4S0 *C, a tOBperoture 
f*ll-o£f test was run for one day. 

Figure 2 shows the vertical thermal profilow in an observation 
well, as a function of tloo. The date ww fitted to a nntbsnatical 
eolation d&fierihina: the tcapstratm distribution around a 
finite-length Una osnrce inside' a madium of thermal oaaductivity 
(parallel to bedding) 3.25 t»raL/cBj-sec-*C and thaxnol oondnctivity 
Jpexpandittxlarl 3.25 roal/at ee O '«*C» **»e specific heat capacity 
utilized in the oilcolartloM waB computed from the thennal 
csndoctivity/ thatml difftwivity, and avexaga bulk density of 
cores recovered during drilling of the well**. The thennopbyeical 
properties for tte tha oil nhaie in «Mcti tbQ taetsf ware conducted 
are sannarifittd in TCble 2. 



Figure 3 shews radial profiles oaipirefl tax the middle of the 
lioatod zone £&r vertoos beating tint* (t) » At the end of a 
tenperat^im build-up beet of 140.5 hours, tfaa average fbneatian 
terjpereturo IjuAwei -tte boater and observation Mall «aa 120 °C. 



TftBLg 3 



Initial Resorvoir T m y xatu re 
Fischer Assay* 
Bulk Dcnoltyi 
Thermal Dlffuetvityi 
Specific Cleat Capacity: 



9.* *C 

20 gallon/ton 
2.20 <pi/cn? 
$.6 x 10" 3 cm 2 /eac 
0.224 cal/gm °C 
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Fiypxm A shews a comparison of laboratory values end field 
data ruUrtive to the thsxnal conductivity parallel tn and 
pcrpeaditajlar to the baddanq planes of the oil aftnlQ rbxnntion r as 
a function of tsEX*rature. 3he laboratory conductivity tfooauwasttnta 

S were aado cn adjacent cra^lati of cores froo the observation well, 
luting gone coir* cub parallel to and saw* cut perpendicular to tte 
bedding planum A trogcn-^tniocphftCtt tro uaed to eliadnate 
OKide±i£» reaction* The wnplea wre conctradjned In the vertical 
direction bat vara tree to expand radially* After tbo Mnplc* «ere 

10 heated to BOO *C, tha radial expaneion averaged \.45%. As shown in 
the figam, the laboratory value* ace in excellent e^eecoent with 
tha values conpited from the field data. Tfao tent* indicate that 
ttw conductivity ia Louer in the direction pofpan&oular to 

the bettding plimo, bea&uee keragen layers have a lower oondDCtivity 

15 than -the dolomite matrix. AC tenperatunas below 1QQ *C, the ttaraej 
conductivity iu essentially isotropic, as observed in tbo fl&ld 
tests. But/ that coxtduetivity become increasingly anisotropic, a* 
the toerogen is xeoDved (at tenperaturea between 300 and 400 °C) and 
gan begins to occupy the apneas batwoan the layers. Above 700 °C, 

20 both tha paziOlel and perpendicular conductivity ceoxesea sharply 
due to the daco^poaitirai of the dolondte and erolntiDH of a> 2 - 
When a rajbtoxraiuMtti oil shale tarnation ie bested the oil 
shele expands as the tengerature inexoaaes. Hhen tbo oil ahale 
txm^urature reaches a kerogen pyrolyaing tenQporature {fox oaarple* 

25 frcm about 275-325 *C> additional expansion forces axe generated* 
flha kercgen is converted to fluid* capable of occupying a larger 
volurft? than tha kerogan p and surfi iaui.de beoane increasingly 
pxesauKized When the tenperatuxe is lncxeaaod. As more fluid xa 
rorrad and sore fluid ia heated, hydcaulically indoced fiauluittS 

30 form within tho oil ahalo roxsretion. 

Fractures which are tydreulioally induced within sdaterranaan 
earth rartnaticm xbra along planes perpettMcular to the lease of 
tha three principal muva e wii ve aUesecs (l«e»* one vertical and 
two mutually peExpendicular horizontal wwpieaa ive stresses) *iich 
exist Within any subterranean earth fnrrartaon. However, wbsxe the 



hydraulic fracture* tend to be vertical, horizontal fractures can 
ba fonsed by investing heated fluido go ttat tha wmlLn of the 
vertical fractorco a» heated unrti3 they swell shut. Than, by 
Increasing the fluid injecHai pmt^uz^. to greater than cmxbuzdm 
pressure,, a horlsantal Jiaclur e can be formed, fiuch proocssca for 
thfOTMlly inducing tha fonosticn of hcrizaatal fracture© by 
injecting cstornally heated and p pe s o ortetd fluids are fl e auiih o a in 
patent* mcto as the flbova w a u t doned US Patent Ho, 3,284,281; U8 
patent Nb, 3 r 455, 391 by CP. Hatthwe, P* Vanveara and c.w. Vblek, 
and U8 Patent Rb« 3,613,785 by P.J. dneaann* 

applicante have now discovered that when aubataatinlly 
jjiyrnrmablo sxtobenraaoan ail dialaa hwring the presently Bpecifiad 
ccntoinatlnn of grade and thictaseft were conductivaly heated &a 
presently specified* a rcra of paxaaabilicy waa fteueicped between 
walla within the oil abale, Alttoogh the praaaot invsntion ia hoc 
premised on amy particular aachenim, in the cwuree of aucfa a 
trcfttiwnt the heated oil shale behaved mm thuugh it was cobjeoted 
to the above-deeodbed type of proc&ee foe therjnaUy indociBg the 
formation of horizontal fftm.vtuccg. Such a behahfionr vw not 
predictable, sinco tha ptsHeent pxoeas* is operated without any 
injection of any fluid. It appaare that when the present process ia 
operated within an iacenaaabla oil shaLe, tba is aitn generation 
and *.q>laceracnt of haatad and highly pressurized fluida oeeura at 
the tamcB and to the cxteota needed to successively extend and 
bnriacotally f r a c tu re thtu ug h suco aaft i v e portinna of tha ail shale, 
Whan thosa portione beoora condectirely heatod. Tha cone being 
boated appaaxe to undergo a relatively uniflann, horizontal, radial 
expansion through tha oil ahala, act tha rata set by tha thenml 
cooduc±ivity of the oi.1 shale, in each eucceeeivB location in which 
a Xerogan pyrolyzing temperature ia reached, fluids appear to ba 
formed/ heated and pressurised en that substantially any vertical 
fracture* which ore fbrnad within tha hasted zona are GUbaoquantly 
converted to barisontal fractures* 

Applicaote' taata indicated that substantially all of tha 
fluid pyrolyoia products of tha oil itale tended to reaoin in or 
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near the lccationa in which they were formed untU tttcy were 
displaced r liuuujh substantially horissontal fractures, into veils 
adjoining tbo bsat-injecuitig hdIIs. In ndditian, the frac ture* 
inducing pressure of fluids in ths ]iorl2ontai fractures appears to 
5 haro bean rodnoed as those fluids expanded and *exe ooolaS as tihey 
moved away from the. hottest partianjj of the banted zone. 

Tfons, the extant p xo opaa seen to indnoc the ssving of a zono 
of kexogen-pyrfilyslng tooperatures thrtaxjh tha oil shale 
ixnedixfcely behind a zona of localised fractneing in vhich the 

10 fractured an!/ or soon become, nrarirontal fractures, *Q» heating 
ana tra ot airlnQ conea am to undergo a substantially uniiotiv 
hoxisoncal, radial expansion through tha oil shale, until tba rone 
of Pranhiriog reaches a location (snob as the borehale of a 
production vail) rrcra which the oil shale pyrolyeiB products ate 

(5 withdrawn. 

In addition, applicants lave discovered that, at least wham 
tha overburden pressure ia snail, tha zone at pezxraafoility that is 
created between adjacent walla retains a significantly high degree 
of pcnrfifthility after the foxoatlgne have oooled. Thus it appears 

20 that, oven if the overbardan prtsant ia blob, an aryl imtiojv of 
tba m e a en t proces s ia capable of forming a «all-ii ibeioamiecting 
zcoo In which tba permeability rsndna high or con ba readily 
restored by an injection of fluid after won* or all of tha heat has 
dissipated* tod, the dogma and location of that permeability can 

15 be controlled by controlling tba rata of removing fluid from the 
producing walla. 

ft* data obtained by insasuraients in field tests of tba type 
daHcribed above vara inclusive oft the thermal conductivity of tba 
oil shale frcneMon, the amount of oil recoverable by Flasher 

3U analysis at varioua depths tdtfcin haatad intezvala of tha oil shale 
batace and after beating, tha measuraosot of tba amoont of 
pyrolysis products xoooverwd, and the Ilka. While no ocnramtotioci 
existed between heat in^eotcca and prodooers at test start*-up P 
injections oct the end of the test dsnoastxated that permeable 

35 channels had fionaed* Ehn results of standard engineering 
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calculations were L*lksitiuR of the applicability of a concept of 
the typo tiucribed above to the results obtained by the teats, 

Pigoro 5 .1? a graph of Fleeter Aftoay yields, £tu& tfaa target 
zone in the field teat, as a function of depth n, Tfce hoahid 
3 interval oxtonded from 4.2 to 6 ml Tim solid curve ahem tbe yields 
before the heating tnurtnent and the. dashed carve chow* the yielxto 
after retorting was ocxe?ieted v yields before and after waro 
owsentiaUy the tore outside tha heated Interval. The uoasurttnisit* 
were rnad* oa oaree from the centre of the pattern before heating 
ID and on cores about 13 an away after boating* The variations vbich 
are apparent in those yields ere within the cornel lixdta of 
accuracy for tbe Tieaeuring of such values* 

Witivin the heated interval too Fischer Assay yieJd drops frcra 
an average of 20 gailona/rorr before tbe test to lefts than 2 
IS gallone/ton affcer heating. Iba retorting efficiency ttithin the 
process acne *»e thus better than Hi of Fischer Assay. 

The pattern and extent of tbo recovery confirm* the fact that 
little oil was lost owr the proauciJig horizon threap vertical 
fractures. In addition, tbe tanironoity In retorting vt t irrie ncy 
20 through tbe heated zcoe, indicates that therxal fronts ware 
appracimtaly unifcr* over acst of the heated interval* 

The uniformity of tbe therml fronts is even more apparent in 
Figures 6 and 7. They abar MH metal end vertical to^eraturo 
profiles calculated for a eat of vertical beaters in a fi ve sp o t 
25 square pattern. See set seed in the calculations included four heat 
injector* and one oootro pmtor (not Ahcwn, but centored batweaa 
tbe boaters snown on tbe fiqwree) . Each heater was eeeuKed to be 
?A m long and heated at the rate c£ U14 W/nu 

•toe profiles in figure ft (graphs of tonpurature variations 
30 with dletancee frcro the bearers) were nalrqlated along a borl2cotal 
eeguknt 1^1^ vhlch axtanda trough -tbe odd-pointe of heaters at 
nppoeite cornars of the square* Figure 7 is a sinilar graph of 
profiles along a vertical eegneot 1^1^ on the axis of eyramatry of 
tbe pattern. 

35 Such calcolatJona indicate that fay tbe tin* retorting 
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tsoi»raturafl (275-325 °C) arc ranched at the cmure of the pattern f 
acre than 87% of ita wlw* has boCD ounvertod whila only about 14* 
of tbe converted voliau uat> heated to more than 325 »C* FVjrthennare/ 
the calculations irxttcate that if tbe powcx is turned off or 
S radoaad before t*» o&ntn? iimuna s a tartjwt. teirporAtULv ouch as 

32S *C f the levelling off of tba therm 1 fronts will still beat tha 
centre ol tho pattern to retorting taa^eicaturee and will also 
rotoc© tho ts^arztxn rim at tho boater*, lfaia node at operation 
can ensure that leea than lot of the heated volino is banted to 
10 ntu» than °C# ana thus can Increasa the thsnnal efficiency of 
tho process. 

In view of tho oboue teat renoUs and tho ooloulationii based 
an those resnlto* it flppft/irs that* uuutj.a to tho prior tatocbings 
and hsliofa, the Initial iTngrtnragibility of an oil shale deposit uan 

15 ba utilised as an advantage, Tho initial incsenaeahility confines 
the fluids and fracture* within the well pattern, sdnca on 
pacneabUity exists until ttu mm between the hMtt-injectiog and 
fluid-padcaduciny wile become pemoatad fay a pattern of heat-lnduood 
horizontal rx$ctnree# 

20 in tba pieaeut pux e gs , the rate at vhlch hunt is Ltsngm lt.fred 

into the oil shade deposit is atrcssgly affected by the tcneorartur© 
gradient between a heatr-injectlng wall and the eurroanding earth 
formation.. In a preferred prooedxzra, tha data rmLnati ana of 
variations frith dopth in tha coapoaitton and prcpertfjtsa of tbe oil 

25 nbale deposit include a dototninatian of the pattern of heat 

conductivity with depth within the earth fdraationa adjacent to the 
heat-inj acting veil. Based on such detatrdnatiaas the tenperetures 
to vfliich at least one haat^ijrj acting veil is heated eve armng ad to 
&a relatively high at the depths at which the heat oopdnctivities 

3G of tha adjacent earth tX o u a tions arc rolativaly low* This tends to 
cause tha rata at which heat is iransalttcd «>«w^ tha earth 
fernatioas to be ofefltantlally raiifcnoi along the axis of tha 
bee£-iTr>ecting veil. Known prooadara* can be utilized In order to 
provide higher tenparfitores in portions of beat injecting wells 

35 adjacent to earth foamttoNB of rolativaly low haat coraajctivity* 



-20- 63293-274* 
For example, in walls which are being heated by electrical 
resistances, additional resistant elenents can be positioned at 
the location at «bich extra beating is r^ijirtd, preferably with 
precaution* being takes to avoid the creation of "run-aver hot- 
spots" due to increasing te*perature further increasing the 
resistance and thus further increasing the beating, for example, 
a« described in the coanooly assigned Canadian patent Application 
Serial No. 495,854 filed tioveaber 51, 1985, by P. Van Hours end 
C.F. Van Hguond. Xn wells being heated by combustion, no re, or 
larger, or more heavily fired, burner elements can be positioned 
in eucb location*. 

Suitable determinations of compositions and properties 
of the minerals and/ or organic components of an oil shale deposit 
and the variations with depth In such properties can be wade by 
means of known well logging, reservoir sampling, and tha like 
analytical procedures, the determinations can utilize previously 
measured geophysical or geochemical data or laboratory or core 
analyses, etc, for exeaple, too variations with depth in the beat 
conductivity of the adjacent formations can be deter nine d by 
calculations based on the kinds and amounts of Material* present, 
and/ or by thermal conductivity logging measurements r etc. OS 
Patent Bo, 3,&C7 r 227 describes a logging tool containing a 
constant output heat source and three temperature sensors for 
obtaining a log of reletlve thermal conductivity with depth. U8 
Patent Ho. 3,852,129 describes logging cased or open borehole* for 
temperature, specific beat and theraal conductivity, employing a 
constant output heat source and three temperature sensors. US 
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Patent Mo. 3,864,98$ describes a logger for making station 
measurements of tfearval conductivity by beatintf a farnatloq Cor a 
tin* then uaaaurlng tbe rate at vhlob the temperature decays back 
to the ambient taapatature. UB Patent So. 3,9*1,167 daceribes 
logging tberaal conductivity of a cased veil by a« a curing tba 
temperature of the casing wall before and after passing a haatad 
probe along the vail. 

As indicated above r even vita respect to a five-spot 
pattern in v/faich a singla fluid- producing veil Is surrounded by 
four neat*lR]eotlng veils, substantially all of tbe intervening 
oil 
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shale cat bs both retorted and undu pHnnubla, However, the pj»sent 
invention is preferably enoioyed ii\ a muxIuk of cantigans seven* 
or thjjrtea>^8pob patterns — Id oithtr of wbich patterns 
(particularly in the thirteenr«i>ot pattern) tbc retort log rat* Im 
5 significantly increased by having each f J^iid-pxortJCiDg well 
surrounded by six or twelve heat- injecting mil?. 

The veils used in the present process can be cospiHtact by 
substantially any method for $riJ3ittg a borehole Into &r*Vox 
opsniog a prs-sadating borehole into fluid oonntmication vith the 

10 subterranean oil stale loroation to be used as im oii i^ia 

tzeatsent interval* In addition to having the specified abssna* of 
tfigr\i£iaant amounts of sobile water, thickness, and grade, of oil 
etale, the interval to *hich:the piescJit process is applied should 
be capable of confining fluid art least substantially within the 

13 treatnent interval, at least in respect to allowing no ai^iifioant 
leakage into overlying Vocations vfeen the prasAim of tha fluid 
Troches prccess pressure, and fractures the fonraticm witiiin the 
treatment interval. The bnrsholsH of veils mrpl erad fox use in Che 
preeont process should bo substantially pnmllel and eeparatad by 

20 sriuttantiaJly ogupil distance* of at least about 6 m. Itarehole 

separation difitaosas bacwaan injectors and prodocBrx of froa about 
9 to 30 a are particularly suitable. Boreholes free of deviations 
from parallel, vrtrich cause variations of more than about 20 per cent 
of tho wll distances are particularly suitable. 

23 m the heat-injecting wile used in the present process, the 

~t»t*- or ouBfttr-lito ffrtt^rial which ic used to seal along tho faoa 
of r_hft oil steJUi Corrnaticn in preferably relatively heat?»conductive 
and substantially fluid-inperjnsabls. Particularly preferred cements 
iira atablu at tsaparatarcs of at least about 800 *C, hova a 

39 relatively hi#i thaxml aaiductivitics* relatively low paxtaaability, 
littlo or no shrinkage, an adequate ease of probability and good 
ctetiricaJ resistance, etc. Ths pecrneabiUty and disposition of the 
soling material should provide a ml capable of preventing any 
significant Mount of fluid flow between the interior of the 

35 fccnrefrolo *nd the facs of the oii shale fm uutl cp, so that the 
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transfer of heat Iron the vuli to the formation in onbutnntially 
wntireJy b/ axtfucticn. tthczo particas of the heat-irrjactiiig tell 
borehole are e^fectivaJy increased in dianetcx near upper and low©* 
cxtrcsatdtiM of tbu tLwaliu e nt interval, for exanple, by tndor- 
5 reroing, the dioftutare or* the increased portion* are preferably at 
least aboot 110% of die nominal bcrehoiB diameter* Culcicn 
aiiiidnate^bonded coocTCtes and/or c e aan t fl containing aiuraina- 
eilicsrba aggregate (or fine particles) are particularly s wttahlft 
for uso as such fbraatian face-sealing Jnafceriale* IkOTftfes of 

10 suitable combs and oanarebes include those described in OS 
patents such as 3,379,252; 3,307,332 and 3,593,642* 

Figure 8 shows a portion of a heat-injocting vcdl lxatthoi*, 
boreholo 1, which is suitable for use in tbe present Invention and 
is located within a trootftont interval of sifctsrranean oil shale 

35 deposit. ftorehoie 1 cental/** wnlerged porticoe, tech as portions 2 
and 3, whir* can fee fenced by ansventional procedures such aft 
undDrrozutiAg daring drilling/ etc. h casing 4 is shown positioned 
within -the teratoid sod iM ii enlml into place with a fluidr 
i*permeablo, hoat-ccndiJCtlv« material, each as Grant-. 

zo within each enlarged borehole portion, tho casing 4 is 

equipped with at least one hsat^oandttctive metal eleraeot, so* as 
collar 6, containing radially extensive alBdante or portions, such 
as flexible UBtal raters 7. Booh hoatroanAwtivo Ma terial s form 
relatively highly cendnctive paths for c on d u cting heat from within 

25 the- Interior of a borehole to cubatantially the wall of an enlarged 
portion of the borehole, Dumpies of suitable heat^ooDduotive netal 
elements inclnda cartel well acratchars, torbalanae tnflcnera f 
oentartiaers and th* lite such as a Bamnor-Lok ruxbobonder, or 
Boltk* Turbubooder, available fxcm Bakerline division of Bator OtU 

jo tools cor a 101 Bar 8 oontxalizur available fron Anbalapa Oil Ibol 
atvi Nwiutactiuring Ccepnry, cto. 

with an mm*jmmit of the type shown in Vigors B, at least to 
sane <ect*at r the front of beat traneadtted away from a heat- 
in jeetina well can be aside xore ivrifnre along a vertical line 

35 traversing a layer of relatively lev bent oondootivlty without the 
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oaoeaalty of wdntatnit* a high* teaeeratiM in tha Potion of the 
well adjacent to that layer. «bsn a uniXotu teopioitum ia 
naintalnsri within th* interior of the bcwnola, tha earth fhnwtten 
face aloor, uuch an anlnrgao portion of the borebolo boooaas basted 
to **wwoti«lly tho sou: ******* a. «*■ tooe afca* 

narrower portions oX tba borehole. Sinw few of tha foraation 
^joining the borehole is haatod to tha highest ten gratar e of any 
portion in ths foxaation, U» teocexaturc gradiant eatendin* 
radially oraitb* «nlan?*3 portion of tbo taro-taota i« ehlrcsd 
radially away fwn the. hotehuJe. 

"ta genual, tha beating of tha interior of tha haat-tP7**ing 
Mil can b> aocoKpUahsd by substantially any type of baetirg 
device, such as eafauattm and/or electrical typo of heating 
olenats. or tha lite, The basting, elenant stoold emend 
.abetentiaUy throughout tba taartzawt irfarval (preferably 
throughout at I«wt abojt 80 per cent of that interval). «««a a 
centoustion typ* tooting elsaent is ubkJ. a gas-fired heater ia 
preferred. B» fbel and tnddants &r a cwtastifln teater »sucb aa 
nathane and caygen) are preferably supplied trough separate 
conduita leading through a haat fwctangar in Wiioh tha iiuwing 
fluids are heated by tha outflowing coa tw atinn products. Hx> bumar 
housing and fluid conduita of a corbuetion heater are preferably 
installed within a wall conduit i*ich is fturrrwotod by an anculnr 
apace that ia filled by tha cawnt tor sealing tte face of tha oil 
shale, oanarally suitable typee of ocahoation heaters Which could 
be arranged for use in the present proeaea are deacribad in OS 
Pobants audi aa 2,070,8021 2,780,450 and 2,902,270. 

electrical resista** heater ia particularly auitabla for 
heattos tba intoarior o* a haat-injecting weU in the present 
process, ft plurality of rceistanoe claaants ara pxaf-=ably wd. 
•Xbm rwcLatanco »l«mtM car, be twuntod within or ortarnal to «d 
infrrol conduit or cod, or rtWply extend* into tbeboroholc. Khan 
tba Maiatanoaa ara aKtarml to, or are fraa of a sppporting 
•lerat, such as a conduit or rod, they as* preferably eatedded in 
tfe ™™+ uhlab seals the faca of tha oil ahala along tba 
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such Toduu ID 9&9oaxaI r tha natural Qeactawt* crnatin? 4) relative 
waaferww airi/or vat&r inflow can be tteocnally olo&ed fay a 
relatively mild hftaxln?, a* icng iw tbo fracturo porosity i* cot 
actffc than about 5 par cant* 
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L. In a pxooess in which oil is piuduuad fm» a subterranean oil 
ahal* deposit by extending at luaat cm each of heat-injecting and 
fluid-producing ml]* into the deposit, eatablififaing a heart- 
conductive fludoVi u^eiJBa ble barrier bsewatm the interior of each 
heat-injcctlng wall end the adjacent deposit r and than beating ch* 
Jnfcecfor of each beatr^Lnjocting well at a tesperatnra sufficient to 
ucndnctively baat oil shale terogsn and cause pyrolysis product* to 
form fractures within the oil shale deposit through which the 
pyxolysia products oto displaced into at leaat me production wall* 
an ioptOYHDBnt for onhfinrrl ngr* the imiffnirtity of tiia baat floats 
moving through the oil dude deposit, nhicb otoprlfle&i 

dBttffrerinipg variationa irith depgt to the ooapoeltSaa and 
properties of ti» oil ahale depcait? 
coopleting said haatrin)ectlng and fluid-producing wall* 
selectively Into a txoatsKmt interval of oil ahala in Which 
the oil shale deposit (a) is at least about 30 n thick, ft>) is 
substantially iapextfaablB and free of nobUe vater# Cc> has a 
opposition and tiitrittmm such that tha yioduut of tha average 
Fiadhar Away grade tines the thickness of the treabnsnt 
interval la at least about 9<KJ, and (d) ttoareby contains 
oonponents capable of lntoracting in a Senear enhancing tha 
nnifotnrfty of a front of conctaottvoly traiumittod heat, with 
said wella being arranged ao that, at leaat wfcstantieUy 
bbjcoyhyit eaid treatment interval, the well borehole* are 
substantially parallel and ar* separated by substantially 
eauaX oUetanoee of at least about & nu s and 
within the interior of each heat^injecting veil maintaining an 
average taspexatusv «dtich r selectively along Raid treatment 
Interval, is at least about 600 *c, hot la not high aoou&h to 
thermally darage eq uip men t within the veil, white baat la 
being transmitted away from the vail at a rate not sign!- 
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ficently faster than that permitted by the thermal non- 
Ax: tivitiee of the earth Jxuttation* adjacent to the heated 
interval within the veil. 

2. The process of claim J in which, to the extent nequirM to 
feoop the rate tft which hsat is trmneaiitted U ir cugh the oil state 
depoeit iKbotactlAlly untfuKu along thu axes of the heated interval 
of the teac-injecting well, tbc temperature at which at 

least cm hvit-iDjectijng well is heated id relatively higher At 
depths adjacent to pactions of lbs oil shale deposit in which the 
host OOndUQtivitiAK axe relatively Imt, 

3. The process of cl/iin 1 in which the rata of nmetinf the 
iaterinr of at least one twat-injccting well la varied to an extent 
causing an effective levelling off of tbe fcheaipal front so that Cto> 
rata of advance thmxjh the oil anal* of the throwi Cront in 
ocntflnoed at cubstflttially tb* aa» rota while the rata of moras* 
of tbe tesraaaQroe witfiin the boreholo is f^pificantly ixxfemA. 

4. The pxcoesm of claim 1 in vfcich the beet-injecting and 
fluia-^roaucing vjalis aza arranged in a aariaa of contiguous 
patterns in which each fluid^pKoduoing wall is airm tided by at 
least four teat-ijtfectiog wells. 

3« The psocaae of claim 4 to vttiU* each flulft-proaiclng wall is 
edrxttuadad by fcwaive heat-injecting *ella* 

6, <W» process of claiJD 1 in whici) the oil shale grado is at 
least about 20 gallons per ton and the gzadaHddctoess product ia' 
at least about 4500, 

7. B» process of claim l r eo*£riaAng the atapa of 

in each heat-injecting «a!3 , ettbatantdalJy thecodont the 
treatment interval, aaaling the £aoo of tha oil shale tanatlon 
with a eolid material which ia relatively hBat^ognfrictive end 
substantially fluid iapermaabla* 

in at lout cm heajtrinjectirjg veil increasing the effective 
diamtser of the borehole in at least one portion of the treatment 
interval and extendi*? at least aaa baatroondactive) rtrtal alaaent. 
£rcn within the ■i™*^™- of tho borahola to n&ar the face of tha 
no-cnla&gtd portlcn of the borehole^ and 

In aaoh IliJixHpraduaing wall, rabafcantially throughout the 
trwtnent interval/ establishing fluid crxawication batwaen the 
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mil tract and the oil shade ^^-^ and arranging th» well tor 
prndbcinq fluid froa the oil shale foncacioo. 

B» Pw process of dajjp 7 in vhich tbs rataodoi aanUng the faoa 
of thGr oil shale f oration along thv bonsjol© of a bB*t-4n>ctiog 
well is a cement axcaaged to fill «JbataetiAlly all of the space 
betwwx the outanrat aatallicr oUtumts vithlo tho interior of tho 
horetole and fcha taoj of the oil shale fo»*rton, with sa*/5 oarcsitt 
having a thermal conductivity at least Rsfantant tally aa high a* 
that of tho oil shale formation. 

9. The process of olidot L in which at least one well located sear 
ao edga of a pattern of hsatpinj acting artf nuid-^>xodocing valla is 
exteodad substantially throughout the trastntnt interval aod heated 
at a tsaperatura high etttcgh to cnuse d thynunl v^ooMng and/or 
compressive stressing of thoadjaoant aarth Carnations hot low 
enough to avoid significant thsnml Mobilisation of organic 
cOBtJccsnts of the oil ahala. 

10. The process of claim 9 in which at least oca so heated mil la 
subsequently boated at about the t « pnrwfn re selected for the 
Jieafcang of the haat-injectiog wells being otployad. 

U, TSie prooema of claim 1 in tfdeh the veil hratehn l es of said 
haat-irtje^tion and fluid pnxfcotog Mile are asperated by 
substantial^? equal distances of about 9 to 30 m. 
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ahala oil ia subsequently gtnrtwart fgco a afcftnTimpMi 
interval of oil shale, tebeaoe the interval is initially 
substantially in$Gxxmeb*m and contain* a nppcifiaa gcada and. 
thicdccesB of oil rfvOa, Said interval is conduct twaty haactad fxun 
bmbcsls intariora wbicb art kapt bettor tfatt about COO »c and are 
bcatoed at a rate socti that teerogsn syrolysls pxodects tarodt wittiin 
th» oil ehaXe craat* and flo* through borUoDtal fractures Mhioh 
aubaaoua&tly beocno c« b an d ed into iluld^pro&JClDg walls that axe 
positioned La gp neifi ad location** 



